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Abstract. Databases gathering atmospheric data have great
potential not only as data storages but also in serving as plat-
forms for coherent quality assurance (QA). We report on the
flagging system and QA tools designed for and implemented
in the European UV DataBase (EUVDB; http://uv.fmi.fi/
uvdb/) for measured data on solar spectral UV irradiance.
We confine the study on the data measured by Brewer #037
MkII spectroradiometer in Sodankylä (67.37◦ N, 26.63◦ E)
in 1990–2014. The quality indicators associated with the UV
irradiance spectra uploaded into the database are retrieved
from the database and subjected to a statistical analysis. The
study demonstrates the performance of the QA tools of the
EUVDB. In addition, it yields an overall view of the avail-
ability and quality of the solar UV spectra recorded in So-
dankylä over a quarter of a century. Over 90 % of the four
main quality indicators are flagged as GREEN, indicating the
highest achievable quality. For the BLACK flags, denoting
data not meeting the pre-defined requirements, the percent-
ages for all the indicators remain below 0.12 %.

1 Introduction

Monitoring the state of the Earth’s atmosphere and the living
conditions at the Earth’s surface requires measurements of
high quality. This is a rule that applies to all atmospheric pa-

rameters and variables, including solar UV irradiance. Gen-
eral guidelines for quality control (QC) and quality assur-
ance (QA) in solar UV irradiance measurements have been
carefully formulated (Webb et al., 1998, 2003; Seckmeyer et
al., 2001, 2005, 2010a, b). Following the guidelines facili-
tates recognition of all potential sources of errors, reduction
of the effect of all those sources on the overall uncertainty of
the measurements, and production of data of as high quality
as possible. However, to verify the efficiency of the recom-
mended QC/QA measures taken, tools to analyse the quality
of data are needed.

Databases established for experimental atmospheric data
have great potential, in providing not only consistent for-
mats, centralized collection, and efficient dissemination for
a large number of data, but also coherent procedures for
QA. The European UV DataBase (EUVDB; http://uv.fmi.
fi/uvdb/) was established as a joint effort of 25 participants
from 15 European countries within the framework of two
projects: SUVDAMA (Scientific UV Data Management) in
1996–1999 and EDUCE (European Database for UV Cli-
matology and Evaluation) in 1999–2002, funded by the 4th
and 5th framework programmes of the EU, respectively. The
projects included development of comprehensive QA tools,
to be applied to all the solar spectral UV irradiance data sub-
mitted to the database.
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Currently, the EUVDB has 111 registered users repre-
senting 61 different organizations. The number of registered
stations is 49, of which 47 have submitted spectral and/or
broadband data on solar UV irradiance over the years of the
existence of the database. Two sites locate outside Europe:
Lauder in New Zealand and Princess Elisabeth Antarctic
base in Antarctica. The number of stations having reported
spectral UV data is 37, of which 35 stations with long-term
spectral UV measurements and two sites having hosted a
measurement campaign. In the Northern Hemisphere, the ge-
ographical coverage of the database extends from 28.49◦ N
(Izaña, Tenerife, Spain) to 69.66◦ N (Tromsø, Norway) in
latitude and from 27.22◦W (Angra do Heroísmo, Azores,
Portugal) to 26.63◦ E (Sodankylä, Finland) in longitude. The
altitudes of the sites vary from 2 m a.s.l. (Leba, Poland) to
3106 m a.s.l. (Sonnblick, Austria). Substantial records of so-
lar spectral UV irradiance data extending over 10–23 years
are available from 12 sites. Five of these sites provide data
sets covering over 20 years of measurements. These sites are
the very same ones that continue reporting their spectral UV
data regularly to the database.

The role of the centralized QA tools should not be seen
as replacements for the existing on-site quality-check proce-
dures. Within the EUVDB, the data providers are therefore
encouraged to continue conducting their own QC actions and
following the generally accepted guidelines therein. The QA
tools of the database are targeted to supplement the on-site
procedures, to verify that they have been applied successfully
to the data, and give uniformity to the data sets originating
from a large number of geographically scattered stations. In
addition, the tools are meant to enable selection of data ac-
cording to the requirements of the user.

Over the operational years, the tools once developed have
provided valuable information on the quality of the data,
readily available to both the users and the providers of the
data (Seckmeyer, 2002, 2004). Instruments measuring spec-
tral UV irradiance are delicate and subject to several en-
vironmental factors influencing their performance and the
reliability of their measurements. In addition, the mainte-
nance of their calibration is challenging (e.g. Mäkelä et al.,
2016). Instrumental errors may lead to erroneous interpreta-
tions on the amount of UV radiation reaching the surface of
the Earth (e.g. McKenzie et al., 2015) and should be therefore
minimized in every possible way. Efforts to increase cost-
effectiveness and automation in ground-based measurements
of solar UV irradiance further emphasize the importance of
the centralized QA tools.

We report on the tools implemented in the European UV
DataBase for the QA of the solar spectral UV irradiance data
uploaded by the data provider to the database. Data mea-
sured by Brewer #037 MkII single monochromator spectro-
radiometer over the years 1990–2014 in Sodankylä, Finland,
are used to demonstrate the performance of the tools. The se-
lected data set provides a subject for a case study. The qual-
ity indicators are examined for their values (i.e. colours), and

the frequency distribution of the colours, denoting different
categories of quality, is derived for each indicator. In addi-
tion, selected case spectra, representing different categories
of quality, are studied in detail. For the first time, a com-
prehensive analysis on the quality of UV irradiance spectra
measured by Brewer #037 in Sodankylä is presented.

2 Materials and methods

2.1 Brewer spectrophotometer in solar spectral UV
irradiance measurements

The Brewer spectrophotometer is primarily used to measure
atmospheric total column ozone and solar spectral UV irra-
diance (Bais et al., 1996; Brewer, 1973). In addition, its mea-
surements may be used to derive atmospheric sulfur diox-
ide SO2 (Cappellani and Bielli, 1995), nitrogen dioxide NO2
(e.g. Cede et al., 2006; Diémoz et al., 2014), and aerosol
optical depth (Gröbner et al., 2001; Kazadzis et al., 2005;
Marenco et al., 2002). The instrument consists of foreop-
tics to collect photons of solar UV radiation, a monochro-
mator to separate the irradiance (photons) into spectral com-
ponents at specific wavelengths, a photomultiplier tube as a
radiation detector, and a sun tracker to follow the position
of the Sun in the sky. Brewer #037 MkII spectrophotometer
in Sodankylä employs a single monochromator. Rejection of
stray light is more challenging to the single than to double
monochromators, especially at wavelengths below 305 nm
(Bais et al., 1996). The wavelength range of the instrument
is 290–325 nm.

The Brewer spectrophotometer is designed to operate fully
automatically following a schedule predefined by the opera-
tor. The schedule contains command strings, each denoting a
measurement or an instrumental test performed by the spec-
trometer. Measurement of solar UV irradiance spectrum is
scheduled to take place at least every 30 min, typically ev-
ery 20 min. Measurements for total column ozone are done
between the UV scans, either as direct sun, zenith sky or fo-
cused sun measurements, depending on the air mass (Karp-
pinen et al., 2016). The schedules have slightly changed over
time but the main principles have stayed as described above.
Currently, the schedule is defined for each day separately
to optimize the number of measurements. Between the sky
measurements, the spectrometer makes tests, which are used
as QC tools to monitor, for instance, the performance of the
motors aligning the optics and the photomultiplier tube de-
tecting the photons.

2.2 QA tools and flagging in EUVDB

The European UV DataBase (EUVDB) contains a specific
subpage listing all the sites and instruments registered into
the database. The page provides site- and instrument-specific
information for the users of the data. In addition, it gives tab-
ular and graphical summaries on the monthly number of solar
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Table 1. General descriptions of the quality flags.

Flag Description

GREEN Meets predefined∗ standard quality
YELLOW Some (minor) deviation
RED Indicates errors potentially problematic

for certain applications
GREY Flagging not possible
BLACK Does not meet quality requirements

∗ Criteria as recommended for type S-1 spectral instruments by
Seckmeyer et al. (2001).

UV spectra submitted to the database. The summaries may
be used as indicators on the availability of data. The database
user may find the summaries very helpful since they allow
quick browsing of the availability of data, prior to actual data
retrieval. They can also be used in an inverse manner to infer
the number of missing data, i.e. gaps in the time series.

The QA performed on the UV irradiance data submit-
ted to and stored in the EUVDB is based on a package
named CheckUVSpec containing two algorithms indepen-
dent of each other: AtmosphericSignature and ShicRIVM
(http://www.rivm.nl/shicrivm; Slaper et al., 1995, Williams
et al., 2003). The package produces indicators on the qual-
ity of the principal elements of UV irradiance spectra: the
wavelength scale, the irradiance scale, and the shape of the
spectrum. In addition, it yields diagnostic information on at-
mospheric conditions and variability of conditions during the
scan. The package is an integrated part of the database, run
automatically in every event of data submission. Inclusion of
several different indicators allows checking of the data for
different aspects of quality and potential atmospheric condi-
tions.

The quality indicators are denoted flags, associated with a
selection of colours (summarized in Table 1). GREEN flag
is reserved for the spectra meeting the highest-quality crite-
ria. YELLOW is used for those not fully complying with the
highest criteria, but satisfying the secondary criteria. RED
flag is raised for a spectrum not meeting even the secondary
criteria, but still exceeding the rejection criteria. For spectra
meeting the rejection criteria, a BLACK flag is given. In the
case that no definite conclusion on the quality of a doubt-
ful spectrum can be drawn, the spectrum is marked with a
GREY flag. Flags are given for a number of different prop-
erties of the spectrum. In addition, a master flag, describing
the overall quality, is given to the spectrum.

2.2.1 AtmosphericSignature

The AtmosphericSignature QA tool is based on examination
of differences between the measured and modelled solar UV
irradiance spectra. For model calculations of spectral UV
irradiance, the tool employs the FastRT programme (http:
//zardoz.nilu.no/~olaeng/fastrt/fastrt.html). Spectral UV irra-

diance is simulated for a range of well-defined atmospheric
scenarios. Descriptions of the scenarios denoted as MIN,
MAX, AERO, CLEA, and CLOU are given in Table 2. The
irradiance of the measured spectrum is compared to that of
the simulated scenarios on two narrow instrument-specific
wavelength bands: one on the lower end and one in the
upper end of the measured spectral region. For the single
monochromator Brewer #037 with a spectral range of 290–
325 nm, only the lower band (at 315.0–316.0 nm) is used.
The metrics used for the flagging are listed in Table 3. Ex-
amination of the metrics results in placing the spectrum into
one of the following categories:

– Too high radiation level: The irradiance exceeds even
the scenario of multiple scattering including snow-
covered surface and clouds trapping and enhancing ra-
diation on the ground.

– Enhanced radiation: The irradiance exceeds the level
normally encountered under clear-sky conditions.
GREEN flag indicates highly reflective ground. In the
case of a YELLOW flag, special cloud conditions must
prevail in addition to the highly reflective surface.

– Clear sky: The irradiance indicates cloudless-sky con-
ditions.

– Moving clouds: The irradiance spectrum contains fea-
tures indicating clouds appearing or disappearing dur-
ing the scan. Two different cases are dealt with: CL-
NCU (cloud at lower band – no cloud at upper band),
and NCL-CU (no cloud at lower band – cloud at upper
band)

– Clouds: The irradiance indicates cloudy conditions.

– Too low radiation level: The irradiance is even lower
than that under extremely thick rainy clouds.

– Too high solar zenith angle: The solar zenith angle dur-
ing the scan exceeds 84◦. The model calculations do not
yield results accurate enough. The flags are GREY.

The threshold values for the metrics were subject to ex-
haustive discussion and set within the EDUCE project. In
the QA tool running in the database, they are implemented
as constant values and can be changed neither by the submit-
ter nor by the user of the data.

2.2.2 ShicRIVM

ShicRIVM (www.rivm.nl/shic) is a software package devel-
oped for QA, correction, and homogenization of spectral
UV irradiance data. It uses the Fraunhofer lines in the so-
lar UV spectrum for the wavelength alignment of the mea-
sured ground-based spectrum. The structures have been de-
rived from solar measurements at Kitt Peak National Obser-
vatory in Arizona, US (Kurucz et al., 1984), resulting in a
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Table 2. Atmospheric scenarios defined in and used by the QA tool AtmosphericSignature.

Scenario Description

MIN The lowest naturally observable radiation levels, assumed to prevail under a homogenous, extremely thick
water cloud (altostratus; Shettle, 1990) with thickness of 4 km and liquid water column of 4000 g m−2,
equivalent to a cloud optical depth of 650 at a wavelength of 360 nm. No surface reflection.

MAX Broken clouds scenario, the downwelling radiation assumed to be transmitted through a clear atmosphere
and getting trapped between a snow-covered ground and an extremely thick homogenous altostratus cloud.
The MAX scenario is assumed to yield the highest radiation levels obtainable naturally.

MAX_0 The MAX scenario with all diffuse downward radiation transmitted through the clear atmosphere absorbed
and scattered by the thick homogeneous cloud.

AERO Cloudless but very turbid aerosol-loaded atmosphere with a visibility of 5 km. No surface reflection.

CLEA Clear atmosphere with no aerosols or clouds present. No surface reflection.

CLOU Cloudy atmosphere similar to MAX but with variable cloud density. Model simulations are run iteratively
to find the cloud liquid water column yielding the best match between measurements and modelling.

Table 3. Categories of atmospheric conditions estimated by the QA tool AtmosphericSignature on the basis of comparison of the measured
and simulated solar UV irradiance spectrum. Metrics used for the estimation and determination of the associated colour for the Atm_signature
flag. Symbol m denotes the measured irradiance. Symbols MIN, MAX, AERO, and CLEA denote the irradiance simulated for the corre-
sponding scenarios. Subscripts 1 and 2 refer to the wavelength bands used for comparison (measured vs. modelled) in the lower and upper
part of the UV spectral region, respectively.

Metric, f Atmospheric conditions Atm_signature colour
m2

MAX2
Too high radiation level BLACK if f > 1.15

RED if 0.85 < f <= 1.15

m2−CLEA2
MAX2−CLEA2

Enhanced radiation YELLOW if m2 > MAX2_0
GREEN otherwise

Atmospheric visibility (5–340 km)
CLEA2, AERO2

Clear sky GREEN

Moving clouds GREEN
M1/M2−CLEA1/CLEA2 CL-NCU, f <− 0.15
M1/M2−MIN1/MIN2 NCL-CU, f >0.15

Cloud liquid water column
(g m−2)

Clouds GREEN

m2
MIN2

Too low radiation level RED
Too high (> 84◦) solar zenith angle GREY

high-resolution extraterrestrial (ET) spectrum with a highly
accurate wavelength scale. The ET spectrum is multiplied
with the simulated atmospheric transmission and convolved
with the instrumental slit function of the spectroradiometer.
The atmospheric transmission is calculated using a modified
version of the simple model of McKenzie (1991). The al-
gorithm is not sensitive to the applied model for the atmo-
spheric transmission because it uses the local spectral struc-
tures (0.5–2 nm off the nominal) dominated by the Fraun-
hofer structures.

The software is able to detect shifts in the wavelength
scale, determine the lowest detectable irradiance level, and
identify anomalies like spikes in the shape of the spec-
trum. It has been extensively tested with a variety of spec-
trometers in various conditions during large intercompari-
son campaigns of spectroradiometers (e.g. CAMSSUM 1995
(Gardiner and Kirsch, 1997), SUSPEN 1997 (Bais et al.,
2001), NOGIC 1996 (Koskela et al., 1997), NOGIC 2000,
MAUVE/CUVRA, QASUME 1999) and several smaller
campaigns. The accuracy of the wavelength check has been
shown to be less than 0.02 nm for spectrometers with full
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width at half maximum less than 1 nm (Slaper and Koskela,
1997). The method used to determine the lowest detectable
irradiance level has been applied to several different instru-
ments with readings at a wide range of solar zenith an-
gles and compared to the method developed by Bernhard et
al. (1998), applying the ratio of subsequent spectral measure-
ments from a single instrument. The results were compara-
ble.

In the EUVDB, only the diagnostic (QA) part of the pack-
age is implemented as an inherent quality analyser for the
incoming data. Consequently, no corrections on data are per-
formed in the database. For the diagnostics, the tool uses
specific indicators (flags) named Shift1, Shift2, Start_irr, and
Spike_shape. Descriptions of the indicators are given in the
following.

Shift1: flag for detecting wavelength shifts in the
wavelength range 300–325 nm

The wavelength shift is calculated by using the ratio of irradi-
ance at each wavelength to the irradiance at the neighbouring
two wavelengths, effectively quantifying the fine structure of
the spectrum. The ratios computed from the (ground-based)
measured and modelled spectrum are compared. As the fine
structures of the modelled and the measured spectra should
be similar, a difference between the two ratios reveals a shift
in the wavelength scale. The algorithm is described in detail
in Slaper et al. (1995).

The shift in nanometres is given in the detailed flag de-
scription of the spectrum. The colour of the flag is deter-
mined on the basis of the following criteria: 0 nm < GREEN
< 0.1 nm < YELLOW < 0.2 nm < RED < 0.4 nm < BLACK.
In the case that the algorithm fails to yield at least five re-
liable shift determinations, or if the general criteria indicate
BLACK but the median irradiance in the vicinity of 310 nm
remains below 5× 10−4 W m−2 nm−1, the flag is marked as
GREY.

Shift2: flag for detecting wavelength shifts in the
wavelength range of 325–400 nm

The shift in nanometres is given in the detailed flag descrip-
tion of the spectrum. The colour of the flag is determined on
the basis of the following criteria: 0 nm < GREEN < 0.1 nm
< YELLOW < 0.2 nm < RED < 0.4 nm < BLACK. In the
case that the wavelength range of the spectrum does not ex-
tend over 325 nm, value 9.999 is returned and the indica-
tor is flagged as GREY. If a wavelength shift is definitely
detectable at less than five wavelengths, or if the flag is
BLACK but the median irradiance around 310 nm is lower
than 5×10−4 W m−2 nm−1, the flag is returned as GREY. In
the case that the wavelength scale of the instrument does not
extend to the wavelength range on which Shift2 operates, the
indicator Shift2 is set as GREY to all spectra and is not taken
into account in the determination of the master flag.

Start_irr: flag for the lowest reliable irradiance reading

In order to determine where the reported spectral irradiance
starts to exceed the noise level of the instrument, the algo-
rithm takes the ratio of the measured spectral irradiance at
the lowest reported wavelength to the spectral irradiance at
the next higher wavelength. Five such ratios at subsequent
wavelengths are compared with simulated modelled ratios. If
all these ratios compare within 25 % with the modelled ra-
tios, the lowest of these readings is taken as the irradiance
level at which the spectrum becomes reliable. If the criterion
is not met, the same procedure is repeated starting with the
irradiance ratios at the next measured wavelengths. When the
criterion is met, the reading at the lowest wavelength is con-
sidered the start irradiance level. In the case that one of the
irradiance readings at lower wavelengths is higher, the start
irradiance level is increased to the highest irradiance level ob-
tained in the noisy spectral region. This higher value is taken
as an indication that the noise level is higher than the level
obtained following the ratio method.

Two numeric values are output in the detailed flag de-
scription of the spectrum: irradiance at the first reliable read-
ing and the highest irradiance below the first reliable read-
ing. The colour of the flag is determined on the basis of
the following criteria set for the higher of the two irradi-
ance values: GREEN < 5× 10−1 W m−2 nm−1 < YELLOW
< 1.5× 10−3 W m−2 nm−1 < RED < 5× 10−3 W m−2 nm−1

< BLACK. If the median irradiance level around 310 nm is
lower than 5× 10−1 W m−2 nm−1, the flag is set as GREY.

Spike_shape: flag for spikes and anomalies in the local
shape of the spectrum

If the ratio of the irradiance reading and the median of 10
readings around the measured wavelength is more than dou-
ble to that found in the spectrum obtained by model calcu-
lations, the feature is interpreted as a spike, and a BLACK
flag is returned. A RED flag results from a ratio of two irra-
diance readings at consecutive wavelengths in the spectrum
deviating more than 50 % from the corresponding modelled
ratio. In the case that the deviation exceeds 25 %, and yet
remains below 50 %, a YELLOW flag is given. The local
shape is examined through the differences between the ra-
tios of two irradiance readings at consecutive wavelengths
in the measured and the modelled spectrum. The following
criteria are used for the flagging of the local shape: GREEN
< 10 % < YELLOW < 15 % < RED < 20 % < BLACK. The
worse of the two flags determines the overall colour of the
flag Spike_shape.

Two indicators of the atmospheric conditions are included
in addition to the flags mentioned above. The first one is
aimed at investigating the atmospheric transmission, and the
second is used to identify variability of conditions during the
scan. The descriptions of these are given below.
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Table 4. ShicRIVM categories of atmospheric transmission normal-
ized to unity for cloudless sky, and the associated colours for the
Transmission_2 flag.

Transmission Transmission_2 Description
flag colour

> 2.0 BLACK Extremely high transmission
> 1.5 RED Very very high transmission
> 1.25 YELLOW Very high transmission
> 0.75 GREEN Low or no clouds
> 0.25 GREEN Clouds
> 0.10 GREEN Thick clouds
> 0.05 YELLOW Very thick clouds
> 0.01 RED Very very thick clouds
< 0.01 BLACK Extremely low transmission

Transmission_2: indicator of the average transmission in
the wavelength range of 315–325 nm

The transmission is calculated by accounting for the Earth–
Sun distance, and normalized to unity for cloudless sky. Ta-
ble 4 summarizes the descriptions of the defined categories
of transmission and the associated colours of the Transmis-
sion_2 flag.

Scan_variability_2: indicator of the variability in the
atmospheric transmission during the scan for the
wavelength range 325–400 nm

Diagnostic identifier for large variations occurring during
a scan. As the wavelength scale of Brewer #037 ends at
325 nm, this flag is marked NOT_DETERMINED for all
Brewer #037 UV irradiance spectra in the EUVDB.

2.2.3 Master flag

The indicators determining the colour of the master flag are
Shift1, Shift2, Start_irr, Spike_shape, and Atm_signature. In
the case that the wavelength scale of the instrument does not
extend to the wavelength range on which Shift2 operates, the
indicator Shift2 is not taken into account in the determination
of the master flag. The worst value of any of these indicators
determine the colour of the master flag. If one of them is
YELLOW and all others are green, the master flag is YEL-
LOW. If one of them is RED and all others are GREEN or
YELLOW, the master flag is RED. If one of them is BLACK
and all others are GREEN, YELLOW, or RED, the master
flag is BLACK. In the case that any of these indicators is
GREY, the master flag is also set as GREY, independent of
the other colours received by the other indicators.

2.3 Retrieval of flags for Sodankylä Brewer #037

The quality of the solar UV irradiance spectra measured
by the Brewer #037 in the Arctic Research Center of the
Finnish Meteorological Institute in Sodankylä (67.37◦ N,

26.63◦ E; 170 m a.s.l.) and submitted to the EUVDB database
for the years 1990–2014 was examined by retrieving the flag
information concerning each individual spectrum. The re-
trieval was done by using the PL/SQL tools provided by the
database through its www-based interface (Fig. 1). The inter-
face allows the user to retrieve information on master flags
of all colours or to restrict the query on a subset of master
flag colours. In addition, the user may retrieve information
on spectra measured in all atmospheric conditions or con-
centrate on specific prevailing conditions. In this study, the
retrieval was done by choosing all colours of the master flag
and all kinds of atmospheric scenarios.

The files containing the flags obtained by retrieval were
examined by using an ad hoc script written in Perl (Practi-
cal Extraction and Report Language). The total numbers of
each flag colour for the indicators Shift1, Shift2, Start_irr,
Spike_shape, Transmission_2 and Atm_signature, and for
the overall indicator master, were computed in total and for
each year separately. The monthly distribution of the differ-
ent colours was also examined for potential seasonal depen-
dence.

In addition to the calculations, the data were viewed
through the tabular and graphical summaries provided by the
database itself. Figure 2 presents the monthly number of UV
irradiance spectra measured by Brewer #037 over the years
1990–2014 as displayed on the screen by the www-based in-
terface to the database.

3 Results

The statistical calculations performed with the Perl script on
the flag data retrieved for the Sodankylä Brewer #037 from
the EUVDB were examined in detail and summarized. The
measurements of solar UV irradiance using Brewer #037
were started on 5 April 1990. The total number of spectra
submitted into the EUVDB until the end of 2014 is 133 444.
For the year 1990, the database includes 2519 UV irradiance
spectra. Over the years 1991–2014, the total annual number
of spectra varies between 4656 and 6724, the average annual
number of spectra being 5455.

The annual number of scans varies for several reasons.
Five main factors affecting the annual number of collected
scans can be distinguished, described briefly in the follow-
ing:

1. Annual maintenance and calibrations for total column
ozone measurements have caused breaks of varying du-
rations in the solar UV measurements. Calibration per-
formed in Finland (in Sodankylä or in Jokioinen) has
caused a break of 5–7 days into the time series of the
solar UV scans. The gap caused by an intercompari-
son campaign abroad has been longer, typically from
2 weeks to 1 month. The lengths and timings of these
gaps vary from year to year, resulting in variability in
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Figure 1. Screenshot on the www-based interface for making query into the EUVDB. The query may be restricted to a desired subset of flag
colours.

Figure 2. Graphical summary on the spectral UV irradiance data
measured by Brewer #037 in Sodankylä in 1990–2014: monthly
number of spectra as a screenshot of the on-the-screen display by
the www-based interface to the database.

the number of solar UV scans collected annually at the
home site of Brewer #037.

2. Brewer #037 has been calibrated for UV irradiance by
performing lamp measurements in the optical labora-
tory of the Arctic Research Center of the Finnish Me-
teorological Institute in Sodankylä. Typically, the fre-
quency of these measurements has been 6–8 weeks.
However, there are year-to-year differences in the fre-
quency due to, for instance, the availability of personnel
capable of performing the measurements.

3. The operating software of Brewer #037 seizes up from
time to time. This may have resulted in a loss of sev-
eral UV scans. The software has been under long-term
development by the supplier IOS Inc. over the years, re-
sulting in a number of updated versions of the software
with enhanced operational reliability. Some of the ver-
sions have been more prone to seize up than the others.
Hence, the number of jams due to the software varies
from year to year.

4. The frequency the Brewer #037 performs solar UV
scans is regulated by pre-defined schedules. The sched-
ules have been updated over the operational years. Im-
proved sampling of the diurnal cycle of the solar UV
irradiance has been one of the objectives when redefin-
ing the schedules. The number of scheduled daily UV
scans has therefore increased over the years.

5. The on-site QC/QA procedures reject part of the mea-
sured spectra as erroneous. All data submitted to
EUVDB is subject to final (Level 2) QA including
wavelength correction employing the programme Shi-
cRIVM. All the scanned spectra are also visually in-
spected and compared against ancillary broadband and
modelled UV data (Lakkala et al., 2008), and clearly er-
roneous spectra are rejected. Typically 5 to 10 spectra
are rejected annually at that stage. This QA procedure
has been followed since 2005. The minimum number of
annually rejected spectra per year since 2005 is one (in
2010 and in 2014). The corresponding maximum num-
ber of spectra is 16 (in 2007). Over the years 1990–
2004, the number of spectra rejected at the final stage
of QA has been larger.
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All of the above-mentioned factors introduce variability to
the annual number of collected scans of solar UV irradiance.
The first three factors may be estimated to be more significant
than the last two.

Table 5 summarizes the statistics on the quality indica-
tors as flag colours given to the Sodankylä Brewer #037
UV irradiance spectra in the EUVDB. In terms of the in-
dicator Start_irr, over 99 % of the spectra were flagged as
GREEN. For the indicator Transmission_2, the percentage of
the GREEN flags is over 95 %. For the indicators Shift1 and
Spike_shape, the relative frequencies of the GREEN flags are
over 90 %. The percentage of the GREEN flags for the in-
dicator Atm_signature is only ∼ 67 %, appearing relatively
low in comparison. The result is mainly explained by the fact
that the algorithm of the tool AtmosphericSignature sets the
Atm_signature indicator to GREY whenever the solar zenith
angle has been too high (> 84◦) for accurate enough model
calculations. This is a frequent occurrence for Sodankylä, lo-
cated within the polar circle, where the sun can be low for
several consecutive scans after sunrise and before sunset.

According to the results listed in Table 5, the master flag
given to the spectra is GREEN in only about 61 % of the
cases. The relatively large fraction of the GREY flags re-
ceived by the indicator Atm_signature (23 %) is the major
reason for the low number of GREEN master flags. Part of
the GREY flags may be traced to the cases with high so-
lar zenith angle that Sodankylä as a high-latitude site has
plenty of. Cases with high solar zenith angle are challeng-
ing to both the spectrometer measuring solar UV irradiance
and to the model simulating solar UV irradiance to be used
as a reference by the QA tool. From the perspective of QA,
more emphasis should be therefore put onto the other indi-
cators. However, the Atm_signature flag should yield use-
ful information on the prevailing atmospheric conditions. For
Sodankylä Brewer #037, the Atm_signature could be there-
fore used to extract cases representing particular measure-
ment conditions of interest.

Figure 3 presents the monthly distribution of the colours
received by the master flag. As may be expected, the share
of the GREEN flags is smaller in the winter than in the sum-
mer. In December, all master flags are GREY. The share of
the GREEN flags is largest in June (77 %). The share of the
BLACK flags is largest in July (0.23 %).

To demonstrate the performance of the QA tools and the
flagging system of the EUVDB in more detail, five cases
were selected to be investigated more thoroughly. The case
spectra and the related flag information are summarized in
Table 6. The corresponding spectra are also shown in Figs. 4–
5. In the following, each of the cases is examined separately.

3.1 Case 1: all flags GREEN (Fig. 4)

This is a typical summertime UV irradiance spectrum near
the local noon, with cloudless or almost cloudless sky. All
quality indicators are GREEN, except Shift2, which is GREY

Figure 3. Monthly distribution of the colours received by the master
flag.

Figure 4. Exemplar spectra of three different cases. (1) Case of a
GREEN flag given to all individual indicators. Spectrum measured
by Brewer #037 in Sodankylä on 21 June 2003, at 10:00:22 UTC.
(2) Case of a BLACK flag given to the shape of the spectrum (in-
dicator named Shape_spike). A dip in the spectrum at 316 nm is
clearly distinguishable. Spectrum measured by Brewer #037 in So-
dankylä on 8 July 2003, at 07:26:59 UTC. (3) Case of a BLACK
flag given to the lowest reliable irradiance reading (indicator named
Start_irr). Spectrum measured by Brewer #037 in Sodankylä on 26
March, at 11:54:24 UTC.

for all Sodankylä spectra, and Scan_variability_2, which has
a value of NOT_DETERMINED, since the wavelength range
does not exceed 325 nm. No anomalies occur in the shape of
the spectrum.

3.2 Case 2: Spike_shape flag BLACK (Fig. 4)

This is a typical example of a spectrum containing a spike. In
this spectrum, the spike occurs as a sharp dip at wavelengths
315.5 and 316.0 nm. The reason for the spike is likely of in-
strumental origin.
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Table 5. Absolute and relative frequencies of different flag colours given by the QA tools of the European UV DataBase (EUVDB) for the
UV irradiance spectra measured by the Sodankylä Brewer #037 over the years 1990–2014.

Flag colour Shift1 Start_irr Spike_shape Transmission_2 Atm_signature Master

GREEN 121 419 133 117 120 924 127 158 89 484 81 511
YELLOW 0 133 10 761 5619 14 740 20 252
RED 0 71 1510 491 64 540
GREY 12 025 51 116 174 29 156 30 986
BLACK 0 72 133 2 0 155
GREEN 90.99 % 99.75 % 90.62 % 95.29 % 67.06 % 61.08 %
YELLOW 0.00 % 0.10 % 8.06 % 4.21 % 11.05 % 15.18 %
RED 0.00 % 0.05 % 1.13 % 0.37 % 0.05 % 0.40 %
GREY 9.01 % 0.04 % 0.09 % 0.13 % 21.85 % 23.22 %
BLACK 0.00 % 0.06 % 0.10 % 0.00 % 0.00 % 0.12 %

Total number of spectra: 133 444

Table 6. Cases of UV irradiance spectra retrieved from the EUVDB as representatives for different flag colours of the various quality
indicators. Case 1 used as a reference with all flags GREEN; cases 2–5 representing spectra for which a particular quality indicator flagged
as BLACK or GREY (in boldface).

No. Date UTC Shift1 Start_irr Spike_shape Transmission_2 Atm_signature Master

1 21 June 2003 10.01 GREEN GREEN GREEN GREEN GREEN GREEN
2 8 July 2003 7.45 GREY GREEN BLACK GREEN GREEN BLACK
3 26 March 2003 11.91 GREY BLACK YELLOW GREEN GREEN BLACK
4 21 June 2003 20.44 GREY GREEN GREEN GREEN GREY GREY
5 9 October 1992 14.14 GREEN GREEN GREEN BLACK GREY BLACK

3.3 Case 3: Start_irr flag BLACK (Fig. 4)

The spectrum is an example of a case where the algorithm
detects the first irradiance reading emerging from the noise
as far as at 319.5 nm at the level of 0.034 Wm−2 nm−1.
The reading exceeds the limit set for the BLACK flag (5×
10−3 Wm−2 nm−1), and hence the flag is set BLACK.

3.4 Case 4: Shift1 flag GREY (Fig. 5)

No BLACK flags were given to the Shift1 indicator, and
hence we chose to examine one of the GREY flag cases here.
This is a case where irradiance at 310 nm has remained below
5× 10−1 Wm−2 nm−1 due to low signal late in the evening
and in the presence of clouds. The algorithm cannot make
any conclusions concerning possible shifts in the wavelength
scale, and the GREY flag is returned.

3.5 Case 5: Transmission_2 flag BLACK (Fig. 5)

Only two spectra were flagged in the studied data set as
BLACK for the quality indicator Transmission_2. In the case
shown here, the ShicRIVM tool had associated the spectrum
with an atmosphere of extremely high (∼ 2.3) transmission.
The scan has been started at solar zenith angle of ∼ 85.5◦,
and hence the AtmosphericSignature tool has not been able
to make any supporting conclusions on the atmospheric con-

Figure 5. Exemplar spectra of two different cases. (1) Case of a
GREY flag given to the potential shifts in the wavelength scale (in-
dicator named Shift1). Spectrum measured by Brewer #037 in So-
dankylä on 21 June 2003, at 20:26:33 UTC. (2) Case of a BLACK
flag given to the atmospheric transmission (indicator named Trans-
mission_2). Spectrum measured by Brewer #037 in Sodankylä on 9
October 1992, at 14:08:10 UTC.

ditions. For the preceding scans, enhanced irradiance has
been noted by the AtmosphericSignature tool.
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4 Discussion

Analysis on the mere statistics of the flag information is ob-
viously an efficient way to get an overall view on different
aspects of the quality. However, a detailed examination of
selected cases as described above is apt to give even more
profound insight into the data studied and the special char-
acteristics therein. Specifically, an understanding on the met-
rics and categorization used by the different quality indica-
tors helps the data provider and the user in analysing and
using the data in a meaningful way. Clearly, the indicators
provide an added value to the data set.

The quality of solar spectral UV irradiance measurements
has been addressed and exhaustively discussed ever since the
launch of the first long-term monitoring programmes in the
late 1980s. While there is no actual standard up-to-date def-
inition of the requirements set to high-quality UV irradiance
data, a common understanding on the requirements is shared
by the scientific community and documented in the reports
prepared by international advisory groups (Webb et al., 1998,
2003; Seckmeyer et al., 2001, 2005, 2010a, b).

In general, the required quality depends on the scientific
question. These could be site-specific issues or questions
in a wider context, analysing geographical differences and
their causes, for example, as has been done by Seckmeyer et
al. (2008a, b). For these two studies, spectra with green flags
have been used only. Alternatively, the analysis may focus
on a specific question like estimating probability functions
(Voskrebenzev et al., 2015), where more spectra with non-
green flags may be included.

Currently, the QA tools of the EUVDB are mainly used
to complement the on-site QC routines. In addition, they
could be used to remotely monitor the performance of the
instrument at an unmanned station. If the spectra were au-
tomatically uploaded into the EUVDB, the QA flags of the
database could alert on a problem with the wavelength set-
ting (Shift1, Shift2), or snow/dirt covering the entrance op-
tics of the instrument and blocking the incoming radiation
(Start_irr, Spike_shape, Too low irradiance). They could also
be used to separate scans made under changing cloud con-
ditions (Spike_shape, Moving clouds), in the case that the
data are used for validation of near-real-time satellite data or
model calculations. As one solar UV scan takes up to 3 min,
the cloud conditions may change during the scan, affecting
the reliability of the comparison.

It should be noted that re-evaluation of the spectral UV
irradiance data sets subjected to even the most rigorous
QC/QA procedures may reveal previously undetected fea-
tures in the data (see, e.g. Garane et al., 2006). This should
not be seen as an invalidation of the QC/QA procedures fol-
lowed in the past. On the contrary, they should be seen as the
necessary steps having brought the data set to such a state
that the discovery of the new features becomes possible.

The potential of the indicators related to atmospheric con-
ditions has not yet been fully exploited in studies on the

Brewer #037 UV irradiance data. Indeed, they could be used,
for instance, to screen cases of extreme conditions, to be used
in studies focusing on some particular atmospheric (radiative
transfer) processes.

The cases flagged as GREY in the database may repre-
sent an interesting data set that could benefit model develop-
ment and validation. The performance of 1-D radiative trans-
fer models may be enhanced by replacing the plane-parallel
layers of the atmosphere with a pseudo-spherical model of
the atmosphere. This has been also realized in FastRT, im-
proving its performance at high solar zenith angles and ex-
tending the usability of the model up to solar zenith angle
(SZA) of at least 84◦. The earliest versions of libRadtran
(the basis of FastRT), in comparison, performed well up to
80◦ (Mayer et al., 1997). Three-dimensional radiative trans-
fer models like MYSTIC and McArtim (validated by Mayer
et al. (2010) and Deutschmann et al. (2011), respectively) are
more accurate and capable of simulating solar UV irradiance
even up to 91◦. Currently, these kinds of models remain too
computationally intensive to be run on a server on an Oracle
database. With the ever-advancing computer efficiencies, this
may not be the case in the future.

5 Conclusions

The quality of solar spectral UV irradiance measured by
Brewer #037 spectroradiometer in 1990–2014 in Sodankylä,
Finland, was examined using the quality assurance (QA)
tools provided by the European UV DataBase (EUVDB).
Data on the quality indicators, determined by the QA tool
and attached to the spectra stored in the database, were re-
trieved and analysed. The data set appeared to extend over a
quarter of a century with only minor gaps. The gaps in the
time series could be traced to annual maintenance and to-
tal column ozone calibrations, intercomparison campaigns in
Finland and abroad, regular lamp measurements in the labo-
ratory for UV irradiance calibration, and occasional malfunc-
tions due to, for example, problems with the software.

More importantly, the QA tools designed for and imple-
mented in the database yielded important information on the
quality of the measured spectra. Only 0.12 % were flagged
as BLACK, indicating severe flaws in the data. Over 90 %
of the four main quality indicators were flagged as GREEN,
indicating the highest achievable quality.

For the master flag denoting the overall quality of the data,
approximately 23 % were flagged as GREY, denoting data
that the QA tools were not able to make definitive conclu-
sions on. A majority of the cases of this kind could be traced
to the indicator related to atmospheric transmission and cases
of high SZA. Due to the restrictions in the performance of
the radiative transfer model FastRT used by the Atmospher-
icSignature tool, the algorithm marks cases of SZA greater
than 84◦ all as GREY. Therefore, for the Sodankylä Brewer
#037 UV irradiance spectra, the master flag, and the relative
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number of GREEN flags given to the master flag, may not
be the most relevant indicator of the overall quality. For that
purpose, the flags received by the individual quality indica-
tors should be examined instead.

The results of this study support the view that the user of
the database should familiarize himself/herself with the rele-
vant documentation on the flagging system and the detailed
flag information to be able to fully exploit the system. In ad-
dition, cooperation with the data provider, who has the best
knowledge of the data, is highly recommendable to any user
examining any data retrieved from the database.

The analysis on the performance of the QA tools and the
conclusion drawn in this study are strictly valid only for the
particular data set studied, i.e. solar spectral UV irradiance
measured by Brewer #037 in Sodankylä over the years 1990–
2014. Further studies on the performance of the QA tools of
the EUVDB should therefore cover a number of measure-
ment sites and instruments. A follow-up study still focus-
ing on the Sodankylä Brewer #037 UV data in its unique
setting at a high-latitude site is also planned. The study is
intended to focus on the GREY flags for each quality indi-
cator separately, to investigate the performance of the algo-
rithm in these undetermined cases exclusively. Compatibility
of cloudiness conditions determined by the QA tool and syn-
optic cloud observations would be another interesting topic
for a further study.

6 Data availability

The data on the flag statistics used in this study are available
at the European UV Database EUVDB for a registered user.
Instructions on how to register may be found at the www-
pages of the database at http://uvdb.fmi.fi/uvdb/. Data are
also provided as a supplement to this article.

The Supplement related to this article is available online
at doi:10.5194/gi-5-333-2016-supplement.
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